The reproduction and morphogenesis of Rickettsiella chironomi, an unusual procaryotic parasite of midge larvae, was studied with electron microscopy. The morphogenic cycle was similar to that found in chlamydia and consisted of four major cell types: (i) medium-sized spherical initial bodies (ca. 1 um in diameter), ( ii) large spherical initial bodies (1.5-2 tn), (iii) spherical intennediate bodies (600 to 700 nm), and (iv) disk-shaped elementary bodies (60 x 600 nm). The primary mode of reproduction involved binary fission of initial bodies to form other initial bodies or intermediate bodies. Each intermediate body condensed, forming an elementary body. The morphogenesis of R. chironomi is compared with that of several other organisms to which it is possibly related, including vertebrate chlamydia and invertebrate pathogens of the genera Rickettsiella and Porochlamydia, and its taxonomic position in regard to these is discussed. Additionally, a brief description of the pathology caused by the development of R. chironomi in larvae of Chironomus decorus and Chironomus frommeri is given.
In 1949 Weiser (16) described a disease of the midge Camptochironomus tentans (class Insecta, order Diptera) collected in Holstein, Germany, caused by an unusual intracellular procaryotic parasite which he suggested was a type of rickettsia. The organism invaded larval adipose tissue causing death in 7 to 14 days. As the disease progressed, the normally blue tissue changed to grey or white, or chalky white in heavily infected lobes. Later, Weiser (17) proposed the name Rickettsiella chironomi for the etiological agent of this disease, thereby placing it in a genus of rickettsia-like organisms which cause disease in insects. Members of this group reproduce by binary fission forming small dense bacilliform elementary bodies. In a reinvestigation of the type material, Weiser and Zizka (18) reported the elementary bodies were flat and oval rather than bacilliform, and suggested taxonomic placement of R. chironomi should be reconsidered after comparative studies with other insect rickettsia. Subsequently, Gotz (3, 4) isolated a similar, if not the same, organism from larvae of Chironomus thummi thummi collected near Aachen, West Gernany. Based on ultrastructural studies he concluded that R. chironomi reproduced by binary fission during an initial phase of reproduction, and later by multiple cell division, a process whereby a large initial body forms up to 30 elementary bodies simultaneously. Based on this unusual mode of reproduction and the fine structure of the elementary bodies, Gotz thought R. chironomi should not be assigned to the genus Rickettsiella. Alternatively, Weiss (19) found few significant differences between R. chironomi and other isolates of Rickettsiella sp. and synonymized most described species with the type species Rickettsiella popilliae. Nevertheless, electron micrographs ofreproductive cells and elementary bodies of R. chironomi published by Weiser and Zizka (18) and Gotz (4) illustrate that the ultrastructure of this organism and its morphogenesis are atypical for the genus, although the primary mode of reproduction and general sequence of morphogenesis leading to the formation of elementary bodies remain uncertain due to differences in interpretation of these processes by the above authors. Thus, it is apparent that elucidation of the reproduction and morphogenesis of R. chironomi is not only important to understanding the life cycle of this organism, but has taxonomic significance.
Recently 
RESULTS
Pathology. Healthy larvae were red in color and translucent. During early stages of disease, the infected larvae were recognized by the appearance of granular white masses beneath the cuticle. These masses grew, eventually spreading through most of the hemocoel. As the disease progressed, the hemolymph became turbid. Just before death most larvae were characterized by the presence of opaque white spongy masses throughout most of the body.
Examinations of wet mounts and sectioned tissues of healthy and diseased larvae demonstrated that the disease and reproduction of the organism were limited principally to the adipose cells ( Fig. la, b) . Healthy tissue contained large lipid vacuoles and protein granules (Fig. la) . Diseased cells were hypertrophied and appeared highly vacuolated and, in wet mounts, were filled with teeming particles (Fig. lb) . Electron microscopy demonstrated that reproduction of R. chironomi was restricted to the cytoplasm and revealed that the apparent vacuoles and particles distinguished by light microscopy were, respectively, large spherical initial bodies and elementary bodies of this parasite (Fig. lc, d ).
Reproduction and morphogenesis. The apparent sequence of morphogenesis was determined by studying various forms of the parasite in cells at different stages of disease, from lightly infected cells with few parasites present to heavily diseased cells in which elementary bodies were the predominant type. In all cases parasite development normally occurred within a vesicle, although in many cells the vesicles ruptured, particularly in cells in advanced stages of disease. The reproduction of R. chironomi was characterized by four major cell types: (i) medium-sized spherical initial bodies (approximately 1 gm in diameter); (ii) large spherical initial bodies (1.5 to 2 ,um); (iii) spherical intermediate bodies (600 to 700 nm) and (iv) diskshaped elementary bodies (60 x 600 nm). Each of these types will be discussed individually. It should be noted here that the designation of initial bodies as medium or large is arbitrary, being based primarily on size differences. These differences do not necessarily indicate significant functional differences, except in the capacity to form intermediate bodies, as discussed below, which large initial bodies lacked. In any cell in an advanced stage of disease, initial bodies could be found ranging in size from 700 nm to 2 ,um in diameter.)
Medium-sized initial bodies. Medium-sized initial bodies were spherical cells, ranging in size from approximately 700 nm to 1.5 ,m in diameter, and were the earliest distinct phase of reproduction recognized (Fig. 2a) . They apparently developed from invading elementary bodies though no stages in this process were definitely identified. In lightly infected cells vesicles were observed in which this form was predominant; the number of initial bodies observed was dependent on the plane of section and number of divisions which had occurred since invasion. Morphological evidence suggested that the development of these cells could proceed in three possible directions: (i) continued growth to form large initial bodies (Fig. 2b-d) ; (ii) continued growth followed by division by equal or unequal binary fission resulting in formation, respectively, of either two equal medium-sized initial bodies or two medium-sized initial bodies unequal in size (Fig. 2a, e-g ), or (iii) equal binary fission resulting in formation oftwo intermediate bodies (Fig. 3b-d) . Normally, the cytoplasm of these cells remained similar in appearance during all stages of division. Although initial bodies could increase in size, becoming large initial bodies, no evidence was obtained indicating that they could condense directly, forming intermediate bodies.
Large initial bodies. Large initial bodies were observed in all but the very earliest stages of reproduction and became more numerous as the reproduction continued, eventually accounting for most of the volume of the diseased cell and giving the cell in advanced stages of disease its characteristic vacuolated appearance (Fig.  lb) . Although stages of division of these cells were not observed commonly, these cells could divide by equal or unequal binary fission, forming, respectively, either two large initial bodies or a large and medium-sized initial body (Fig.  2c-g ). The latter process appeared to be the most common of the two. Before division, the granular cytoplasm of these cells migrated to the cell periphery, leaving an electron translucent central area which extended to opposite portions of the cell wall during division. The cytoplasm was redistributed evenly throughout the cell as division neared completion.
Intermediate bodies. Intermediate bodies, the transitional form from initial to elementary body, were spherical cells, 600 to 700 nm in diameter, and were recognized by partial condensation of the cytoplasm along a limited portion of the cell periphery. Normally, they appeared to form by equal binary fission of medium-sized initial bodies (Fig. 3a-d) . As this division neared completion, condensation of the cytoplasm was occasionally observed in one or both cells, indicating that the fate of such cells was determined by this stage (Fig. 3c, d ). Once formed, it appeared that each internediate body condensed to form an elementary body.
Elementary bodies. Elementary bodies were flat (60 nm in width), round (600 nm in diameter), dense cells which formed by the condensation of intermediate cells (Fig. 3e-j) . Typically, the granular cytoplasm, including the chromatin, began to condense on the plasmalemma along a small area of the cell wall (Fig. 3e) . The wall thickened at the condensation site, and as this process proceeded, the disk-shaped appearance of the elementary body gradually became apparent (Fig. 3f, g ). Cells sectioned during intermediate stages of condensation appeared pleomorphic in shape due to the irregular contour of the cell during this phase (Fig. 3g) . In late stages of condensation the highly organized structure of the elementary body was apparent (Fig. 3h) . The mature elementary body consisted of a dense disk-shaped core surrounded by a plasmalemma and thick, rigid trilaminar cell wall (Fig. 3h, i) . A monolayer complex of densely staining particles situated on the plasmalemma occupied approximately 40 percent of one side of the inner cell surface (Fig. 3i, j) . These particles were arranged in diagonal rows and had electron translucent cores (Fig. 3j) . The cell wall exhibited a pattem of repeating subunits (Fig.   3k ).
Aberrant elementary bodies. Occasionally, small or large aggregations of aberrant elementary bodies were observed in heavily diseased cells. These aggregations, often adjacent to large initial bodies, consisted of numerous dense pleomorphic elementary bodies in association with masses of laminar material similar in structure to the cell wall (Fig. 31) .
DISCUSSION
In general, the results of this study demonstrate that the reproduction and morphogenesis of R. chironomi follow a pattern found in chlamydia (2, 13) with most reproduction resulting from binary fission of spherical initial bodies. These initial bodies eventually form intermediate bodies which subsequently condense, forming dense elementary bodies, the infectious stage. The cycle in R. chironomi differs from the general pattern in that some initial bodies continue to grow, resulting in large spherical cells approximately 2 ,um in diameter. Additionally, these cells can apparently divide by equal or unequal binary fission although aspects of this process are observed infrequently. In essence, the evidence suggests R. chironomi reproduces primarily through proliferation by binary fission of medium-sized initial bodies. The equal or unequal division of large initial bodies by binary fission must be considered a specialized case of this process.
The apparently unequal binary divisions and infrequent division of large initial bodies described above may be artifacts of thin-sectioning. For example, in a large cell at an advanced stage of equal binary fission a section tangential to the fission axis could result in daughter cell profiles unequal in size. Similarly, large initial bodies may divide as often as smaller initial bodies, but aspects of this process may not be observed as often because there are fewer large initial bodies, and because their size relative to the section thickness (approximately 2 ,um versus 70 nm), results in the plane of sectioning passing, in many cases, through only one daughter cell.
Gotz (3, 4) reported that the large initial bodies of R. chironomi could undergo multiple divisions, each producing up to 30 elementary bodies. Although limited evidence for such a process was found in the present study, it was not a major mode of reproduction. For example, it appeared that a modified type of condensation of large initial bodies could result in formation of groups of elementary bodies, such as those shown in Fig. 31 , but these were aberrant, and because they did not occur commonly were not likely to be a significant part of the normal reproductive process in the isolates of R. chiron- body of R. chironomi, its morphogenesis, and its host make it highly unlikely this parasite is closely related to the chlamydia of vertebrates. Yet, its unique structure and morphogenesis also make it apparent that this organism is unlike other rickettsia of the genus Rickettsiella (1) and is particularly distinct from Rickettsiella popilliae, a pathogen of larvae of the Japanese beetle, Popilliajaponica, with which it has been placed in synonymy (19) . More specifically, R. popilliae reproduces by binary fission of bacilliform cells. The daughter cells condense, forming bacilliform elementary bodies which are 200 nm in diameter by 600 nm in length. In contrast to this, R. chironomi reproduces by binary fission of coccoid cells producing daughter cells which condense, forming disk-shaped elementary bodies 60 nm in width by 600 nm in diameter. Furthermore, the distinct densely staining particles observed in the core of the elementary body of R. chironomi have not been observed in any isolate of R. popilliae. It is highly unlikely, therefore, that R. chironomi and R. popilliae are the same organism and that the significant differences observed in the reproduction and structure of these isolates are merely due to reproduction in different hosts. The reproduction and morphogenesis of R. chironomi and the structure of the elementary body are, however, remarkably similar to several chlamydia-like organisms reported from spiders and scorpions over the past few years (9 to 12). Morel (10) has described the genus Porochlamydia to accommodate these parasites. All have reproductive cycles which involve initial, intermediate, and elementary bodies, and the latter are usually discoid in structure. The morphogenic cycle and ultrastructure of the elementary body of R. chironomi are more similar to those of species of Porochlamydia than Rickettsiella, and it is suggested, therefore, that R. chironomi be transferred to the former genus, at least temporarily until its affinities to other similar organisms are clarified. At present, the taxonomic position of R. chironomi remains uncertain because comparative studies have been based primarily on morphological characteristics.
In his description of the genus Porochlamydia, Morel (10) attributed taxonomic significance to unique porelike (hence Poro-) structures of the cell wall, the general structure of which is similar to that of other rickettsia (6, 8, 15) . Clearly, such pores, which appear as spaces between repetitive units of the cell wall, are present in R. chironomi (Fig. 3k) . However, similar repetitive spaces occur in Rickettsiea prowazeki (14) and many other procaryotic organisms, and further studies should be undertaken to determine whether the pores are unique to Porochlamydia and are of taxonomic significance.
Another interesting aspect of R. chironomi is that no other organisms resembling this pathogen have been reported from other insects, although its occurrence in several species of midges in western North America and Europe indicate that it is widespread and may have had a long evolutionary association with midges. Thus, it is possible that the different isolates of R. chironomi, although apparently very similar, may be different species of a unique group of organisms which diverged from one another as a result of host speciation.
